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MENDELISM FOR THE BLIND 
Frontispiece—See Article on Page 151 
Charts “drawn” in wire to demonstrate the basic principles of Mendelian Heredity. Long 
and short pieces of wire and large and small circles are used to represent Mendelian char- 
acters. Long wire is dominant to short; large circle is dominant to small. This chart, with 
the explanation in Braille, shows the crossing between pure dominants and pure recessives of 
the two types. The segregation in the F: generation is given in the bottom line in each case. 
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PHYSICO-CHEMICAL DETERMINISM IN 
LIFE AND DISEASE 


As Viewed by the Physical Chemist 


JEROME ALEXANDER 


ROADLY viewed, the most strik- 
B ing phenomenon exhibited by 
living units is the general uni- 
formity, among members of various and 
widely differing races or clans, in com- 
position, structure, development and re- 
production. Many kinds of deviations 
from normality (e.g., individual idio- 
sincracies, disease, evolution of new 
types), demand explanation; but still 
more urgent is the necessity of consider- 
ing the basic principles whereby nor- 
mality is established. Despite differ- 
ences in food and surrounding condi- 
tions, the fundamental life processes of 
most living beings are unerringly shep- 
herded along definite paths and se- 
quences, so that plants and animals 
breed true to type. 

Geneticists have demonstrated, with 
many plants and animals, that the chro- 
mosomes comprise a linear sequence of 
genes, tiny colloidal particles approxi- 
mating in size large molecules or small 
molecular groups, which are mainly re- 
sponsible for the direction of life pro- 
cesses and for heredity. Like the Norns 
of Norse mythology, genes weave the 
chemical warp of life into the woof of 
the milieu. 

The law of probability, the biological 
and evolutionary data, and especially 
the demonstration of the existence of 
living units of ultramicroscopic dimen- 
sions (e.g., bacteriophage, filterable vi- 
ruses, mosaics), favor the view that life 
began in the molecular or near-molecu- 
lar range and developed centrifugally 
in complexity, giving rise to the “box- 
within-box” structure found in both 
plants and animals. Thus the genes of 
near-molecular size were aggregated into 
groups or strings (the chromonemata), 
which, when surrounded by substances 
in process, established an_ interface 


against the milieu and became evident as 
chromosomes. Chromosomes were, in 
turn, surrounded by material which de- 
veloped the karyon or nucleus, and this 
became surrounded by a pool of cyto- 
plasm which established an_ interfacial 
cell wall. Development of multicellular 
from monocellular organisms could have 
then followed. 

The chance of the spontaneous origin 
of an elephant, a mouse, or even of an 
ameba, is practically nil. The simpler 
the unit, the greater the probability of 
the chance assemblage of its constituent 
atoms and molecules into its particular 
pattern. The simplest conceivable living 
unit would be the hypothetical “mole- 
culobiont,’’* a molecule capable of cata- 
lytically directing chemical change and 
at the same time capable of directing 
its own duplication. To put it concisely, 
such a unit is an autocatalytic catalyst. 
The primitive biont must have possessed 
the ability to live, to develop, and to re- 
produce on non-living nutrients, as do 
the well-recognized group of autotrophic 
organisms which are of such great im- 
portance in the formation and fertility of 
soils (e.g., Nitrosomas, Nitrosococcus, 
Nitrobacter, Thiobacillus). 

While spontaneous generation may 
now be continually occurring, any new 
unit would run slight chance of recogni- 
tion, because of its ultramicroscopic size 
and unpredictable emergence, and it 
would have but slight chance of surviv- 
ing to establish a new race or clan, in 
the face of the attack and competition 
of numerous predatory and well-estab- 
lished forms. 


Enzymes—Organic Catalysts 


With primal organisms, gene-like 
units were in all probability the sole 
dominators of life processes. In higher 
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forms, we find a great variety of spe- 
cific secondary catalysts, termed en- 
zymes, incapable of self-reproduction, 
whose formation has been in some man- 
ner directed by the truly living, self-re- 
producing units. Efficient enzymes 
come into existence when smaller sub- 
units (atoms, ions, molecules, or col- 
loidal particles) unite to form larger, 
but not too large, particles having an 
extensive exposure of specifically active 
electronic areas, and not too high a par- 
ticulate kinetic activity. These essential 
conditions may be met either by the for- 
mation of chemical molecules of colloidal 
dimensions, or by the absorption of spe- 
cific units by colloidal particles in such 
orientation that a specifically active elec- 
tronic area develops. Once formed and 
retained in active state, enzymic cata- 
Ivsts can add much to the chemical capa- 
bilities and complexities of the biont 
(living unit). 

G. Bredig,"’ by adding amino groups 
to fibers (cellulose, wool, silk), pro- 
duced catalysts which split off CO, 
from bromcamphocarbonic acid. The 
work of Richard Kuhn, Otto Warburg, 
and their collaborators’ indicates that 
the water-soluble lyochromes, the flav- 
ines,* which apparently constitute vi- 
tamin By, (termed vitamin G by Ameri- 
can chemists), exhibit enzymic activity 
when brought into the colloidal state, 
presumably by fixation on a colloidal 
carrier, yielding the yellow oxidation 
enzyme of Warburg. Kuhn gives the 
following table: 


| Solubility in Activity as 


a | 
| 
2 £ 
& & & 
QO 56 § 
1. Flavopro- 
teins 
Fiavo-poly- 
2. Flavines -- + 
3. Irradiated | 
Flavines + + 


Richard Willstatter** has proposed the 
term “symplex” for compounds where 


high-molecular substances are bound 
by residual valencies, e.g., a prosthetic 
group and a_ high-molecular carrier. 
Symplexes are distinguished from mere 
mixtures by one or more of the follow- 
ing characteristics: (1) alteration or 
enhancement of the specific reactivity 
of one component; (2) change in solu- 
bility or dispersion of one component ; 
(3) change in optical properties; (4) 
change in stability; (5) change in tox- 
icity; (6) change in reactions, e.g., 
color reactions.’ 


Inorganic Catalysts 


Let us now consider some of the as- 
pects of inorganic catalysts which, be- 
cause of their greater stability against 
heat, radiation, “poisoning,” etc., have 
been amenable to a wider range of ex- 
perimental procedure than have _bio- 
catalysts. 

It is well known that the action of 
inorganic catalysts is not inflexible or 
invariable, but that changes of tem- 
perature, concentrations, pressure, and 
“impurities” may greatly modify not 
only the quantities and the proportions 
of the products produced, but also the 
chemical nature of the products them- 
selves. For example, under certain 
conditions of temperature, pressure, rel- 
ative proportions, etc., a catalyst com- 
posed of equimolecular proportions of 
chromium and manganese oxides gave 
a yield of 80.59% methanol from a mix- 
ture of hydrogen and carbon monoxide 
gases, the gross reaction equation being 
2 He + CO = CH3OH. On adding al- 
kali metals to the catalyst, the nature 
of the output, under the same experi- 
mental conditions, varied greatly, and 
new or subsidiary compounds appeared 
in large amounts. Thus, with 9.8% 
rubidium in the catalyst, the compounds 
formed which were more complicated 
than methanol jumped from 13% to 
46%, and these included many unusual 
alcohols and aldehydes.'® 

The fact that a relationship exists be- 
tween the activity and the arrangement 
of the metal catalyst atoms in the 


*About 17,000 eggs (50 kilos dried egg albumen) yielded 50 mg. ovoflavine; 3,000 liters 


of cows’ milk gave 60 mg. lactoflavine. 
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crystals of pure single metal catalysts 
(Fe, Ni, Co, Cu) and their mixtures, 
appears from the experiments of J. H. 
Long and others.!* The reaction studied 
was the hydrogenation of benzene to 
cyclohexane, and the catalysts were 
subjected to X-ray diffraction examina- 
tion, a procedure destructive to most, 
if not to all biocatalysts. The results 
indicate that preparations having ex- 
clusively a body-centered cubic lattice 
structure are inactive, while those hav- 
ing at least in part a face-centered cubic 
lattice are active. 

To indicate how different catalysts 
may profoundly vary the course of chem- 
ical change, we may summarize some 
of the facts regarding the catalytic de- 
composition of formic acid, a compara- 
tively simple compound: 

(1) H.COOH = H: + CO: 

This form of breakdown is catalyzed 
at various rates and temperatures by 
Pd, Pt, Cu, Ni, Cd, and the oxides of 
Zn and Sn. Pd and Pt sponges bring 
total decomposition at 245° and 215° 
respectively : 

(2) H.COOH = CO + H:O 


This change is catalyzed by TiO2 
and blue oxide of tungsten. 

(3) 2 H.COOH = H.CHO (formaldehyde) 
+ CO: + H.0. 

This change is catalyzed by SiOz, 
ZrO, and uranous oxide. 

Thoria may produce changes (1), 
(2), and (3), depending on tempera- 
ture. 

Large-scale chemical industries de- 
pend upon the use of catalysts; e.g., 
the hydrogenation of soft fats, to harden 
them; the manufacture of phthalic an- 
hydride and of maleic acid. Most con- 
centrated sulphuric acid is now made 
by vanadium oxide or platinum cata- 
lysts, and the huge production of am- 
monia (NH3) from gaseous hydrogen 
and nitrogen, as well as the conversion 
of the ammonia into nitric acid and 
nitrates, essential both in agriculture 
and the explosive and other industries, 
is carried on by catalysts. The tech- 
nological and patent literature indicates 
only partially the great extent to which 
industrial catalysts owe their efficiency 
to the presence of relative small, often 
minute percentages of “impurities” or 


TABLE 1!—Size-Comparisons of Electrons, Molecules, Particles, Genes, Etc. 


Mass (Gram) 


Unit Chge. Approx. Size 

( Electron —e 38x 10°A 9.03 10° 

Positron +e 

\ Neutron o 

Negative Proton (?) 

Prot +e 2x 10~ 1.66 

= Neutron - o 1.66 ca 

Deuton +e 3.31 10™ 

Alpha-Particle 6.60 

Molecules 0.2-5 mu { Moleculobiont 


Molecular groups 0.5 
Primary colloidal particle 


Hypothetical simplest life) 


20-70 m# Gene (D. melanogaster) 
Secondary colloidal particle 5-100 mz { 50 + me Bacteriophage 
22 Coccus 

‘cally visibl f (.2-3.5 « Chromosome (D. melanogaster) 
over 100 5-15 Nucleus (D. melanogaster) 

particle 7-25 Cell (D. melanogaster) 
over Imm 2.5 mm Drosophila melanogaster 
Planet (Earth) 1.3 « 10*km Equivalents 
Solar system 5 10°km 1A mm 
Star cluster 5 10° It. yr. =1 X 10° mm 
5 10* It. yr. le =1X10°mm 
Finsteinian universe 2 10° It. yr. 1 It. yr. = 9.4627 10% km 
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“PICTURES” OF THE DURENE 
MOLECULE 
Figure 1 

At the right is shown the arrangement of 
the atoms and atomic groups (radicles) mak- 
ing up the Durene molecule. The projection 
is along the “b crystal axis.” The plane of 
the molecule is inclined at an angle of about 
48.6 degrees to the plance of the projection, 
causing the regular hexagon of the benzine 
ring, in the center of the molecule, to appear 
distorted. (See Figure 3.) At the left is a 
“map” showing the electron contours set up 
in the region of the Durene atomic arrange- 
ment. Figures 1, 2, and 3 are from J. Mon- 
teith Robertson. “Metrical Representation of 
Organic Structure,” reprinted from Chemica! 
Reviews, June, 1935, by permission of the 
publishers, Williams and Wilkins Co. 


additions, known as promotors be- 
cause they facilitate a desired reaction. 
On the other hand, substances which 
coat over or combine more or less ir- 
reversibly with the catalyst, so that its 
activity is injured, are known as cata- 
lyst poisons. Where a catalyst i: capa- 
ble of conducting several different 
changes simultaneously and_ inhibitors 
are found which prevent the unwanted 
reactions, we speak of beneficial poison- 
ing. 
Differentiation 


With plants and animals, we are 
faced with the astounding fact that from 
a single cell, the zygote, there arise a 
great variety of tissues, organs and 
structures, containing cells differentiated 
from the original zygote cell, and capa- 
ble of highly specialized functions. 
What physico-chemical mechanism un- 
derlies these developments ? 

The zygote consists of self-reproduc- 
ing units (genes, mitochondria) with a 
much larger mass of molecules and 
molecular groups which are incapable 


SMALL SCALE MAP OF THE 
DURENE STRUCTURE 
Figure 2 

Durene is a relatively simple compound as 
organic molecules go. It is much more com- 
plicated than the supposed “basic building 
blocks” of living matter, formaldehyde and 
simple sugar (see text, page 141). It might 
be taken as a “type specimen” of the com- 
pounds that took part in the development of 
the simplest “living molecules.” Genes, as 
they are at present conceived, are probably 
not so very much larger than this molecular 
group; they are unquestionably much more 
complicated. The tendency, illustrated here, 
of molecular groups of this type to arrange 
themselves in chains has often been noted 
by physical chemists. This behavior is of 
especial interest in connection with the de- 
velopment of life because of the same ten- 
dency of genes to arrange themselves in a 
definite “string of beads.” The scale of 
measurement given in these illustrations is 
in angstrom units. Since the optical resolv- 
ing power of the microscope is reached in 
the neighborhood of 2,000 angstrom units there 
seems no likelihood that these molecular 
groups will ever be subject to direct ob- 
servation or to being photographed. 


of self-duplication (the cytoplasm with 
its solutes, enzymes and other collodial 
particles; food deposits, such as starch 
in seeds, albumin and yolk in eggs). 
Evidently the emergence of a new kind 
of cell must involve a persisting change 
in any or all of the following: (1) the 
basic living catalysts; (2) the second- 
ary, non-living catalysts of the cell; 
(3) the conditions under which the 
catalysts function. 

The regular course of differentiation 
cannot be accounted for by assuming 
a fixed series of mutations or by chrom- 
osomal abberations, for such variations 
are sporadic and no mechanism for an 
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DIMENSIONS OF THE DURENE 
MOLECULE 
Figure 3 
Dimensions of the Durene molecule, in 
angstrom units, obtained by complete struc- 
tural determination made possible by X-ray 
analysis. The most refined methods now 
available indicate that the “benzene ring” as 
“seen” by Kekule “in his mind’s eye” actually 
exists as “an apparently rigid structure in the 
form of a regular plane hexagon.” This basic 
ring takes an important part in the structure 
of many organic compounds and doubtless is 
one of the building blocks of the gene and 
of other living things. From J. Monteith 
Robertson by permission. 


orderly sequence of them is evident, or 
even conceivable. The view at present 
most generally accepted is variation in 
balance of genic function, which is 
stated by Prof. T. H. Morgan in his 
Nobel prize address*° as follows: 

It is conceivable that different batteries 
of genes come into action one after the other, 
as the embryo passes through its stages of 
development. This sequence might be as- 
sumed to be an automatic property of the 
chain of genes. Such an assumption would, 
without proof, beg the whole question of em- 
bryonic development, and could not be re- 
garded as a satisfactory solution. But it might 
be that in different regions of the egg there 
is a reaction between the kind of protoplasm 
present and the specific genes in the nuclei; 
some genes being more affected in one region 
of the egg, other genes in other regions. 
Such a view might give also a purely formal 
hypothesis to account for the differentiation 
of the cells of the embryo. The initial steps 
would be given in the regional constitution 
of the egg. 

The first responsive output of the genes 
would then be supposed to affect the proto- 
plasm of the cells in which they lie. The 
changed protoplasm would now act reciprocal- 
ly on the genes, bringing into activity addi- 
tional or other batteries of genes. If true 
this would give a pleasing picture of the de- 
velopmental process. A variation of this view 
would be to assume that the product of one 
set of genes is gradually in time overtaken and 
nullified or changed by the slower develop- 


ment of the output of other genes, as Gold- 
schmidt, for example, has postulated for sex- 
genes. In the last case the theory is dealing 
with the development of hybrid embryos 
whose sex-genes are assumed to have differ- 
ent rates of activity. 

A third view may also be permissible. In- 
stead of all the genes acting in the same way 
all the time or instead of certain kinds of 
genes coming successively into action, we 
might postulate that the kind of activity of 
all the genes is changed in response to the 
kind of protoplasm in which they lie. This 
interpretation may seem less forced than the 
others, and in better accord with the func- 
tional activity of the adult organism. 

This last-mentioned view somewhat 
resembles the theory of catalyst modifi- 
cation described later on; but in the 
latter, genes and/or enzymes are sup- 
posed to be altered in their action, by 
specific substances in the cytoplasm of 
the zygote or formed earlier in the 
course of development. 

Prof. Richard Goldschmidt outlines 
two general notions underlying indi- 
vidual developmental processes “so 
carefully interwoven and arranged, so 
orderly in time and space that the 
typical result is only possible if the 
whole process of development is, in any 
single case, set in motion and carried 
out upon the same material basis, the 
same substratum and under the same 
control by the germ plasm or the 
genes.”"18 

The first notion is that “the action 
of the genes in controlling development 
is to be understood as working through 
the control of reactions of definite ve- 
locities, properly in tune with each other 
and thus guaranteeing the same event 
always to occur at the same time and 
at the same place. . .” 

The second notion, developed from 
experiments in embryology, stresses the 
interrelation of two types of differentia- 
tion: (1) Independent differentiation, 
wherein “a once-started process of dif- 
ferentiation takes place within an or- 
gan or part of the embryo, even if com- 
pletely isolated from the rest.” (2) 
Dependent Differentiation, which “re- 
quires the presence and influence of 
other parts of the embryo for orderly 
differentiation.” 

For example, if in a vertebrate em- 
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bryo the group or clone of cells consti- 
tuting the primordium (or precursor) 
of an optic cup be transplanted, at a 
suitable stage, to a new location, it will 
nevertheless develop into an eye with 
its lens. But if that portion of the skin 
of the head which is to form the lens 
of the eye is transplanted, no lens is 
formed because the presence of the 
clone of eve cells is necessary for the 
determination of a lens. 

Again, if young pupae of the Central- 
European  swallow-tail butterfly are 
treated with extremely low tempera- 
tures, some of the individuals hatched 
cannot be distinguished from typical 
Palestinian subspecies. The character- 
istic features are heritable only in the 
case of the Palestinian form. 

An explanation is very simple on the basis 
of the assumption that in the developmental 
processes in question reaction-velocities are 
involved; the external influences in question 
change the rate of some reaction or system 
of reactions underlying the differentiation of 
the character in question, and the mutation 
which produces the same phenotypic effect is 
a change in a gene, which controls the same 
differentiating reaction, with the effect of a 
corresponding change of speed of the reac- 
tion.” 

Goldschmidt further states: ‘The 
most probable mutational change with 
a chance to lead to a normal organism, 
is a change in the typical rate of cer- 
tain developmental processes.” As has 
already been shown, modification of a 
catalyst may change the rate and/or the 
nature of catalytic reactions. But Gold- 
schmidt suggests no mechanism where- 
by the reaction velocities can be so 
delicately balanced by the unchanged 
genes of the zygote that they can de- 
termine the complex and orderly de- 
velopment of an individual, and espe- 
cially the profound differences in cell- 
clones incident to differentiation. 
Changes in temperature and_ other 
variable external factors always exert 
their effect, as one may read in the 
annual rings of trees, which constitute a 
record of past weather conditions. But 
something more certain than the vaga- 
ries of the general milieu must be in- 
voked to explain the orderly course of 


life in the face of ever-changing ex- 
ternal conditions. 


Catalyst Modification 


The view has been advanced* ® © that 
genes and enzymes are capable of un- 
dergoing modification, a more or less 
lasting alteration in the catalysts them- 
selves resulting from the fixation (by 
adsorption or by chemical combination ) 
of definite substances (ions, atoms, 
molecules or other particles), as a re- 
sult of which the nature as well as the 
rate of catalytically directed changes 
may be profoundly altered along defi- 
nite lines according to the modifiers 
present, despite uniformity of, or even 
in the face of great variations in, gross 
milieu conditions. Within limits, the 
ship of life holds to its course in de- 
fiance of wind and wave. Plants and 
animals tend to develop true as well as 
to breed true. 

The source of the modifying particles 
in the case of normal development is 
twofold: (1) specific molecules in the 
cytoplasm of thé zygote or its incidental 
surrounding structures; (2) new spe- 
cific molecules produced catalytically as 
development proceeds. The quantities 
necessary to produce directional changes 
are extremely minute—in theory, one 
molecule can modify one gene or 
enzyme particle. Immunologically, sen 
sitization may be produced by as little 
as 0.000,05 mg. of specific protein, and 
for years thereafter an immunized ani- 
mal can produce highly specific anti- 
body. If the animal is bled, a further 
supply of anti-body develops. Less than 
0.000,000,000,1 mg. of many substances 
per liter (vanillin, ionone, artificial 
musk) can be detected by smell; but 
this tiny amount represents, with vanil- 
lin about 40,000,000 molecules, only 
a few of which actually reach the cell 
to produce the changes we recognize 
as on odor or “smell.” It does not 
seem unreasonable to think that the ef- 
fect of the odorous substance is, in 
some cases at least, due to its effect 
on cell catalysts. 

Modification is, then, chemical deter- 
minism, not through the reactants but 
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through the biocatalysts which direct 
the devious courses of reaction and 
chemical change. Modification is based 
not on changes in the highly variable 
molecular grist passing through the 
mill, but rather on changes in the ef- 
fectiveness of the mill itself through 
alteration of its grinding and cutting 
jaws. Modification is, therefore, ana- 
logous to the employment of catalyst 
promotors in chemical technology, ex- 
cept that biocatalysts are very easily 
altered. Consider the cytological evi- 
dence in crossing-over, inversion, trans- 
location and deletion, and it is evident 
that the gene-string must be of a rather 
soft, sticky nature, quite different from 
the hard metallic or inorganic catalysts ; 
so that fixation of modifying particles 
by biocatalysts should be relatively 
easy. 

Prof. Richard Willstatter and his 
pupils** have done valuable work in the 
closely related field of adsorption of 
enzymes by various substances (e.g., 
aluminium hydroxide, ferric hydroxide, 
stannic hydroxide, kaolin, silicic acid, 
calcium phosphate, cholesterin, tristearin, 
etc.), and the subsequent elution, de- 
sorption or release by various methods 
(e.g., change of solvent, of pH of the 
milieu, of chemical structure of the ad- 
sorbent as when tricalcium phosphate 
is converted into dicalcium phosphate). 
He produced enzymes in high concen- 
tration: invertin 2,000 times more con- 
centrated than in the fresh yeast used; 
peroxidase 12,000 times more concen- 
trated than in the dried plant root; 
lipase 300 times more concentrated than 
in the desiccated and de-fatted liver. 
We see here an indication of how 
milieu and adsorbent changes may di- 
rect the fixation, as well as the release 
or elution of modifiers for genes and 
for enzymes. 


The Course of Differentiation 


Certain physical conditions naturally 
develop as growth proceeds. With many 
animals, the typical development of the 
zygote leads first to the formation, by 
progressive cell division, of the “mul- 
berry-mass” of cells which used to be 
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called the morula, a term now restricted 
to one type of blastulae lacking an in- 
terior hollow or blastocele (Richards,?* 
p. 94.) 

Since living cells show internal mo- 
tion and since chemical reactions within 
the cells must develop at least a slight 
thermal gradient, convection must play 
some role in the chemical and physical 
interchanges involved in growth. But 
diffusion is the main process whereby 
gases, solutes and ions are interchanged 
between the developing zygote and the 
milieu. When the morula is of suffi- 
cient size, a diffusion gradient must 
come into evidence, and the consequence 
of differential diffusion become mani- 
fest.2 Some ions and molecules diffuse 
more rapidly than do others, resulting 
in the establishment of zones of varia- 
tion in ionic and molecular concentra- 
tion; and besides these qualitative and 
quantitative differences, the time factor 
in diffusion becomes increasingly im- 
portant. With a single cell, in contact 
on all sides wih the milieu, diffusion is 
both rapid and equalized. With the 
much larger morula, it is obvious that 
the interior cells must draw upon the 
resources of the millieu more slowly 
as well as to a degree different in na- 
ture as well as in amount. The same 
considerations apply to the removal 
into the milieu of what are termed the 
“waste products” of metabolism. As 
Prof. A. Krogh® has shown, “the dif- 
fusion constant for COs in tissues is 
some thirty times higher than for 
oxygen.” 

The question as to why the cells of 
the morula tend to cohere is answered, 
in principle at least, by the work of C. 
Herbst, who found that while all of 
the salts of sea-water are important for 
the development of echinid eggs, in 
the absence of calcium salts the cells 
of the embryos would fall apart but 
would nevertheless live and develop fur- 
ther. Calcium plays an analogous role 
in soils, where the presence of calcium 
“humate” is necessary for the aggrega- 
tion of soil particles consonant with 
what agriculturists call good tilth. Al- 
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kali soils are pasty and sticky, and 
tend to wash away. 

Because of their location relative to 
the food supply, cells on the outside of 
the morula grow and duplicate at a 
more rapid rate than interior cells. 
This demands an increase in external 
surface, which is possible only in one 
of two ways: (1) formation of a 
diverticulum or projection of the “skin” ; 
(2) invagination, a bending inward of 
the surface to form a pocket or sheath. 
Since the “skin” cells cohere strongly 
to those within, only invagination can 
occur, and there results the well-known 
two-layered gastrula. 

Quite diverse embryological struc- 
tures are found in various animals. In 
what has been stated above, only solid 
blastulae (morulae) have been con- 
sidered. But it is quite evident that 
analogous considerations apply to the 
various other embryological types. Thus 
Richards* points out (p. 99) that in 
single layered blastulae of certain kinds 
invagination is evidently due, mainly at 
least, to lateral pressure exerted on the 
endodermal plate by the excess rate of 
growth of cells in the “vegetative” 
pole over the rate of growth of cells in 
the ectodermal section. Here there has 
evidently already occurred a differentia- 
tion of cells, understandable on the basis 
of a segregation of modifiers. Thus a 
hollow rubber ball immersed in gaso- 
line will absorb this rubber solvent 
superficially immediately and will seek 
to increase its surface, invagination 
tending to occur at the weakest area. 

The formation of the gastrula en- 
forces a new set of conditions, for the 
gastrula cavity constitutes a sort of 
“bay” or inlet from the “ocean” of the 
milieu; and this “bay” will have, or 
promptly develop, molecular and ionic 
concentrations different from those of 
the exterior “ocean.” Cells facing the 
“bay,” though originally “skin” cells, 
may be expected to undergo change in 
response to their new environment, 
with a shift in the adsorption and elu- 
tion of catalyst modifiers as well as in 
their position relative to diffusion. Thus 
there tend to emerge three typical en- 
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vironmental zones, corresponding to the 
ectoderm, mesoderm, and endoderm. 
Just what will happen in these zones as 
a result of catalyst modification changes 
enforced by ionic or concentration 
changes, or because of alteration in the 
conditions for catalysis, will vary from 
case to case, as the catalysts and modi- 
fiers vary. There is no necessity of 
assuming or expecting that the same 
definite mesodermic and allied layers 
must develop in each embryo. Though 
differentiation becomes marked after 
gastrula formation, further growth and 
development may differ widely in dif- 
ferent kinds of animals. 

Without pursuing the embryological 
picture further, we may quote some re- 
marks of Prof. H. S. Jennings™ on dif- 
ferentiation, which he terms “one of 
the darkest questions in biology” (p. 
234): 

Every cell contains as a rule all the genes, 
and so far as genes are concerned could pro- 
duce an entire individual. But after a while, 
through the continued activity of the genes, 
many different substances have manu- 
factured from the cytoplasm, and are located 
in the different cells. Things have now 
changed so much, and have become so fixed, 
that the genes can no longer start anew 
from the beginning. At a much later stage 
therefore a single separated cell wil! no longer 
produce an entire organism, or any required 
part of the organism, although it still con- 
tains all the genes. With age cells become 
fixed in their ways, as old individuals do. 
~ But this condition in which any cell can 
produce any one of many different parts of 
the body, depending on circumstances, may 
continue into a rather late period of develop- 
ment, particularly in vertebrates. At a cer- 
tain time the egg of such a creature as a 
frog has become a mass of small cells. Un- 
der normal conditions, when we examine this 
mass, we can predict what part of the adult 
each part will produce. Cells here will pro- 
duce the brain, there at the sides the eyes, 
here the ear, there the spinal cord, here parts 
of the skin. If we leave the egg to itself, 
these are indeed the parts that will be pro- 
duced. 

But this is not because each cell can pro- 
duce only that part and nothing else .. . 
What happens is that from a certain spot on 
the egg—a recognizable spot—an organizing 
influence starts out, so that this spot is known 
as the organizer, or the organization center. 
This organizing influence, whatever its na- 
ture, creeps from cell to cell, causing each 
cell to alter internally—through the interac- 
tion of its genes and cytoplasm—in such a 
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way as to produce the structures of the em- 
bryo. Each cell that is reached later trans- 
forms in such a way as to fit the cells that 
have gone before—in such a way as to make 
the next proper part in the pattern of the 
body. 

Speaking of the effects of hormones 
(thyroid, hypophysis, etc.), Prof. Jen- 
nings states ™ (p. 237): “The genes 
first act to produce different chemicals. 
Then these diverse chemicals cause the 
cells to develop in certain particular 
ways, so as to give rise to diverse 
parts.” And later (p. 240) he refers 
to the fact that by treatment with 
thyroid extract the aquatic Axolotl 
(which can live, reproduce and die as 
such), becomes transformed into its 
land-living form, Amblystoma, and that 
this transformation will also take place 
when the Axolotl is forced out of the 
water, e.g., as when streams dry up. 
“There is little doubt that what these 
conditions do is to cause the thyroid 
of the animal to discharge its secretion 
into the blood, and this induces the 
transformation.” 

Chemical embryologists have been 
attacking the problem of the chemical 
nature of the “organizer.” Needham 
and his co-workers”! are on the track 
of one of these important and elusive 
substances, but it does not seem that 
the tiny amounts of specific molecules 
will soon be separated and identified. 
However, another form of approach to 
the problem is open, namely, observing 
the effects of substances of known com- 
position upon living units. Isolation 
and identification of the various vita- 
mins and hormones, coincidentally with 
observations of their effects, 1s work 
along this line. Vitamins may be con- 
sidered in the light of hormones pro- 
duced extra-corporally, for both are ef- 
fective in extremely small amounts. 


Disease as Due to Abnormal 
Modifiers 


If many of the normal procedures of 
life are due to normal modifiers of bio- 
catalysts (genes and enzymes) we must 
expect that the presence of abnormal 
modifiers will in many cases at least, 
produce abnormal procedures and con- 


ditions which if sufficiently marked will 
constitute disease. There are, of course, 
many other “causes” of disease, but 
frequently on tracing back through the 
casual sequence, we find some sub- 
stance or some definite chemical com- 
pound which influences the cells to act 
abnormally. It is this intracellular as- 
pect which will be briefly considered, 
taking cancer as an example. 

In the absence of etiological knowl- 
edge, cancer was described on a patho- 
logical basis as a growth of cells of 
the body. which is progressive and in- 
vades healthy tissue. About ten years 
ago, genetic considerations led me to 
believe that if a body cell underwent 
a mutation which would result in ab- 
normally rapid increase, such a rapidly 
growing cell clone, without adequate 
vascular supply, could present any or 
all of the clinical aspects of cancer— 
tumor, ulcerative breakdown, metas- 
tases, etc. In 1902, Boveri'® suggested 
that cancer might be due to genetic 
factors. The writer recently® 
stated : 

The cancer cell may be considered as a 
type of evil mutant, which, being formed 
or activated in a larger organism, dupli- 
cates itself within its host, with destruc- 
tive consequences. This view harmonizes 
with the fact there are several kinds of 
cancers, as well as the evidence that a 
cancer-mutant may be produced or ac- 
tivated by several different types of prox- 
imate causes, especially those which pro- 
duce gene-mutation—X-rays, heat, and 
chemical substances (certain tars). Since 
cancer cells reproduce true to type, even 
when transplanted, genic changes are evi- 
dently involved. 

In the article in Protoplasma,* the 
following was stated: 

By formation of a cancer-mutant we 
understand that one or more of the genes 
in a normal cell undergo a mutation 
transmissable on cleavage. Activation of 
a cancer-mutant my be understood from 
the following considerations: Suppose that 
somewhere along the line of descent of 
the organism there had occurred a muta- 
tion in a gamete, leading to the trans- 
mission of an hereditary tendency toward 
gene-modification. The descendants of 
this parent would not inherit the modifi- 
cation, but might inherit a tendency to- 
ward modification, which would come into 
evidence only if and when the modifying 
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particles were present. Thus persons with 
an inherited tendency to rag-weed hay 
fever would not even know it. if they 
were born and lived in countries free of 
rag-weed and its pollen. It is conceivable 
that an ultrafilterable virus or even spe- 
cific molecules may cause modification in 
receptive genes; and if the modified genes 
would catalyze the formation of the modi- 
fying substance, continuous development 
of modified cells would ensue. In cases 
where normal organisms seem to be sus- 
ceptible (e.g., as in tar cancers*), it is 
not even necessary to assume the exis- 
tence of an inherited abnormal tendency 
to modification.t 


Bacterial Dissociation 


It has for some time been known 
that many strains of bacteria are capa- 
ble of existing in two forms, rough (/) 
and smooth (5), so termed from the 
appearance of their colonies. As a rule 
the smooth forms are more virulent 
than the rough. As an instance of the 
work in this field, the following is 
quoted from a paper by Dr. Eleanor G. 
Alexander- Jackson? : 

It was found that a small optimal amount 
of ferric chloride, 0.0004%, representing 
2.55 x 10° mols of iron per liter, added to 
Bordet-Gengou medium stimulated the disso- 
ciation of 2 human strains studied into com- 
pletely smooth, convex, glistening colonies. 
These S colonies were produced in pure cul- 
ture by one strain in the first generation, and 
by the other strain in the third generation on 
this medium. The forth and fifth generations 
continued to produce S colonies. 

Avian R bacilli were dissociated to S on 
modified Bordet-Gengou medium. The op- 
timal amount of ferric chloride in this case 
was 0.004%, representing 2.5 « 10° mols of 
iron per liter. The lesions produced by the 
convex glistening colonies of both avian and 
human strains differed radically from those 
produced by the FR bacilli. They were diffuse, 
inflammatory, and small or _ microscopic, 
whereas those produced by RF bacilli were 
much fewer, limited, calcified, and larger. 
Virulence tests indicate that the S colonies 
of these strains possess somewhat greater 
virulence than the R.” 


Immunology 


About 1909 I observed in the ultra- 
microscope that the toxins and anti- 


toxins of diphtheria and of tetanus mu- 
tually coagulate each other,* but one 
toxin will not coagulate the other anti- 
toxin. In the formation of anti-body, 
the toxin seems to become an essential 
part of the directive specific electronic 
surface of a catalyst particle, which de- 
termines the formation of particles 
having an electronic surface contour 
opposite in form, and therefore capable 
of specific reaction or combination with 
new particles of the antigen when they 
appear. But some of the evidence men- 
tioned above seems also to indicate that 
specific particles when attached into an 
enzyme complex (or “symplex”’) may 
mould out particles having the same 
electronic contour as themselves, and 
thus duplicate themselves. This seems 
to happen in the course of differentia- 
tion; for the number of specific mole- 
cules in the zygote does not seem capa- 
ble for accounting for the modification 
of cells in the adult body. A considera- 
tion of the possible causes underlying 
phenomena of this apparently contra- 
dictory nature (formation of like and 
of unlike electronic contours), may 
throw much light on what forces are 
operative in synapsis. 

A piece of tin foil rubbed against the 
face of a coin acquires the reverse im- 
pression of the coin pattern on the side 
next to the coin; but on the exterior 
side the foil duplicates the coin pattern. 


Molecular Orientation as a Factor in 
Biological Phenomena 


The importance of molecular orienta- 
tion is illustrated by an experiment of 
Prof. Henri Devaux, who allowed a 
lens of melted fatty acid to cool on the 
surface of hot water. After careful 
drying, he found that the lower sur- 
face which had formed in contact with 
water, could be wet by water; but the 
upper surface which had formed in 
contact with air, could not be so wet. 
The explanation given is that in the 


*The carcinogenetic substance in tar has been isolated, identified, and synthesized. It is 
1.2 benzepyrene, and is chemically related to the sex-hormones and to ergosterol, precursor of 


the anti-rachitic vitamin D. 


fIt is now known that certain strains of mice resist implanted cancers, which others accept. 
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lower surface, the hydrophile ends of 
the molecules are outwardly directed, 
whereas in the upner surface the hydro- 
phobe or water-repelling molecular ends 
point out. Besides orientation, we have 
also to consider what Dr. Irving Lang- 
muir terms (following Debye and 
Hiickel) deformation and segregation." 

Just what effect a molecule or parti- 
cle will exert on a catalyst following its 
fixation by adsorption or otherwise, will 
depend upon which part of the fixed 
particle is left exposed to the milieu; 
and this, no doubt, will depend on the 
nature of the adsorbent. With “soft” 
particles like chromosomes and genes, 
changes in the milieu can register an 
effect. 

Remembering that the gene-string 
(chromosome) is a catalytically active 
unit with a considerable cloak of “chro- 
matin” through which diffusion is also 
taking place, we get some inkling of the 
forces at work within the close con- 
fines of the cell from the following re- 
marks of Langmuir (p. 528) : 

Molecular deformation on close ap- 
proach “is always such as to cause an 
attraction between the molecules.” 

In general, there will also be a tendency 
for molecules to be oriented when they ap- 
proach one another sufficiently closely. This 
orientation always increases the attractive 
force. 

Debye has also pointed out that if, around 
a given ion in an electrolyte, there were no 
concentration of ions of opposite sign, there 
would be no resulting attraction between an 
ion and its neighbors. But since there is in 
fact around any ion an increased concentra- 
tion of ions of opposite sign, there is a re- 
sulting attractive force which opposes the 
osmotic pressure of the ions, due to their 
thermal agitation. It is this effect which we 
have denoted by the term Segregation. It 
may occur not only with ions, but also with 
dipole molecules such as those of water. By 
the segregation of dipole molecules and their 
orientation about a given molecule or ion, 
electric forces may be transmitted through 
larger distances than would otherwise be pos- 
sible. 

In the paper by Alexander and 
Bridges* (p. 12) it is stated: 

Since the activity of a catalyst is deter- 
mined materially by its outwardly directed 
fields of force, a change in the catalyst sur- 
face, e.g., by chemical attack from the out- 
side or through re-orientation of the com- 


ponent atoms or atomic groups, will modify 
or even inhibit its activity. Polymerism, tau- 
tomerism, and lability are well known to 
chemists and physicists, as examples of mole- 
cular rearrangement within the molecular 
boundary. It is quite possible that the sur- 
face charge of certain catalysts may be due 
to what may be called electroversion, where- 
by, following change in the nature of the 
milieu or change in temperature, certain atoms 
or atomic groups previously at the interior 
of the catalyst particle, move to the exterior 
and change places with other atoms or atomic 
groups or rotate so as to expose different 
outwardly directed surfaces or forces. 

How the nature of the milieu in- 
fluences the behavior of enzymes may 
be seen by watching the action of pep- 
sin on coagulated egg albumin under 
the ultramicroscope. When _ hydro- 
choloric acid is introduced, the coagu- 
lated clumps of albumin break up and 
resume the active Brownian motion 
they had lost on introduction of the 
pepsin solution, and then melt away, 
the field becoming brighter following 
their dispersion.' Let us next con- 
sider some of the meager facts known 
about pH differences within the cell. 


pH Differences Within the Cell 


According to Prof. Robert Chamb- 
ers’? the nucleus of the normal imma- 
ture starfish egg is feebly alkaline, 
showing a pH of 7.6—7.8, whereas the 
cytoplasm is feebly acid at pH 6.6— 
6.8. When injured, the cytoplasm be- 
comes more acid, pH 5.4—5.6. 

These differences seem small, but we 
must recall that the pH figure is of 
logarithmic nature, exerting an expo- 
nential effect on the figure expressing 
th physical fact—the concentration of 
hydrogen ions. In general, acidity tends 
to aggregate or coagulate aqueous col- 
loidal dispersions; but in many cases 
the reverse is true. Furthermore, as 
Sir W. B. Hardy showed, on acid- 
alkaline reversal protein particles change 
their direction of migration in the elec- 
tric current. 


The Colloidal State Within the Cell 


The collodial genes and enzymes 
function in a cytoplasmic milieu con- 
taining much colloidal material in ad- 
dition to crystalloids which condition 
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the colloids. Within the tiny distances 
involved we have full opportunity for 
the interplay of those highly specific but 
powerful forces which appear when col- 
loidal particles come to close grips. In 
describing the zone of maximum col- 
loidality (for colloids lie intermediate 
between suspensions and molecularly 
dispersed solutions), J. Alexander 
stated*® (Vol. I, p. 25): 


A_ most striking example of optimum dis- 
persion is found in living matter. Figuratively 
speaking, if all the chemical substances com- 
prising our organism were in true or crystal- 
loid dispersion, reactions would proceed so 
rapidly that we would, so to say, live ten 
years in ten minutes. On the other hand, if 
coarse dispersion prevailed, it would take ten 
years to live ten minutes. Every organism 
is dependent upon the coordination of its 
chemical reactions in point of time, and this 
leisurely procedure depends largely on degree 
of dispersion, which keeps chemical reaction 
velocities within certain speed iimits by its 
regulation of free surface and kinetic activity. 
Life lies between lysis and coagulation. The 
colloidal zone is, as it were, a vital metro- 
nome tolling off the tempo of life. 


Summary 


Life processes are largely directed by 
catalysts: (1) the self-reproducing or 
autocatalytic genes, and (2) enzymes. 
Organic and inorganic catalysts are 
briefly discussed, and the importance 
of “promotor action” in the latter 
pointed out. It is suggested that dif- 
ferentiation involves “modification” of 
genes and/or enzymes, the rate and/or 
nature of the products of their activity 
being changed by fixation at their ac- 
tive surfaces of specific particles, e.g., 
definite molecules in the cytoplasm of 
the zygote. Modification is thus a 
chemical determinism, not through the 
reactants, but through the directive bio- 
catalysts. The quantities of material 
needed for catalyst modification are 
minute, but a zvgote may contain mole- 
cules in sufficient number and variety. 
Molecular orientation, pH differences 
within the cell, and optimum dispersion 
are also discussed. 
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MENDELISM FOR THE BLIND 


Laboratory Courses in Biological Sciences Successfully Taught 
to the Sightless 


Ropert T. HANcCE 
University of Pittsburgh 


HE increase of educational oppor- 

| tunities for the blind has brought 

a growing number to college. Here 

they are faced with the requirement of 

a “laboratory science” for graduation. 

This has usually been waived as unrea- 
sonable in application to the sightless. 

A number of years ago a blind student 
was carried through the General Zoology 
course at the University of Pennsylvania 
by Professor H. S. Colton, using plasto- 
cene for modeling special structures and 
commercial models for the grosser de- 
tails. 

The presence of several blind students 
at the University of Pittsburgh led me 
to experiment with methods of instruc- 
tion. Wire solder and soft aluminum 
wire twisted into the desired shapes and 
cemented to cardboard took the place of 
outline drawing usually done with chalk 
on the blackboard. Eventually labels in 
Braille were attached to these wire 
drawings making them permanently use- 
ful. Such stand-bys of biological instruc- 
tion as Euglena, Paramoecium, and 
Hydra have been made “visible” to the 
blind through the medium of such 
“drawings.” 

Wire “Genes” 

In anticipation, Mendelism seemed to 
offer the most serious difficulties of pres- 
entation. In the end it proved to be the 
simplest and most satisfactorily solved 
of all. Characters or genes were repre- 
sented in bits of wire of varying shapes 
and sizes. The larger shape was assumed 
to be dominant to the smaller one. The 
photographs (Frontispiece) show the 
Mendelian result in the F; and Fy» gen- 
eration of monohybrid crosses between 
long and short rods and large and small 
circles. The outcome of the F, of a 
dihybrid cross between long rod, large 
circle, and short rod, small circle is 
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shown in Figure 4, while the F, combina- 
tions are worked by using a specially- 
constructed Punnett Square. Sixteen 
large boxes are joined together, with 
four small ones across the top to hold 
the gametes of one parent and another 
four flanking the left side to hold those 
of the other. The large boxes contain 
the results of the union of the appropri- 
ate gametes. 

This device has seemed to give our 
blind students a very good concept of 
the principles of Mendelism. The con- 
creteness of the genes has also seemed to 
help those students who had eyes but 
little imagination for genetic phenomena. 

Frontispiece. The figures on the left 
side of the plate represent, for the use of 
the blind, a simple Mendelian cross be- 
tween a dominant long and a recessive 
short rod. The gametic makeup of the 
parental generation is shown at the top 
followed by their gametes and then by the 
F, results of their union. The heterozy- 
gotes are set up for crossing in the next 
lower diagram. The genetic condition 
of the gametes are next indicated with 
the 1:2:1 ratio demonstrated in the 
final row. The rods and circles are 
made of wire solder and all of the spiral 
lines were constructed of soft aluminum 
wire. All steps in the process are de- 
scribed by labels written in Braille. 

Figure 4. A dihybrid cross between 
long rod, large circle and small rod, small 
circle is illustrated. First row shows 
P,; second row P, gametes; third row 
the F, generation and the fourth row pic- 
tures a cross between two F, heterozy- 
gotes followed by the four possible 
gametes. 

Figure 5, Punnett squares made of 
small bexes. The gametic combinations 
are contained in the four small boxes at 
the top and down the left side of the 
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A TWO-FACTOR CROSS DIAGRAMMED FOR THE BLIND 
Figure 4 
Cross between a form pure for two dominant characters (long rod, large ring) and a form 
pure for their two recessive allelomorphs (short rod, small ring). The four types of gametes 
tormed in the F; are shown in the lower part of the illustration. The “checkerboard” showing 
rg ry the four types of gametes to produce 16 genetically different types in F. is shown 
in Figure 5. 
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AN F,. “CHECKERBOARD” FOR THE BLIND 
Figure 5 
By use of cardboard boxes and wire symbols the 16 genetically different combinations 
obtained in the F, of a cross involving two independent pairs of Mendelian allelomorphs is 
charted for the blind. So clear is this form of symbolism that it may have advantages even for 
seeing pupils of genetics. The blind have no difficulty in apprehending the basic principles of 
Mendelian heredity with this apparatus. 


figure. The sixteen possible combina- the makeup of the gametes and then can 
tions are contained in the various boxes. check the results of crossing by feeling 
The blind student can determine by feel the contents of the proper large box. 
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A WHEAT-RYE HYBRID 
Figure 6 

An F; hybrid (B) between (4) Honor wheat (Triticum vulgare), and (C) Rosen rye 
(Secale cereale). Eight F: plants all had 56 chromosomes, and are therefore classified as 
amphidiploids, since they assumedly carried a complete diploid chromosome set from each 
parent species. (Rye diploid chromosome number = 14: vulgare wheat = 42. 14 +42 = 56.) 
In such a hybrid, orderly pairing of the chromosomes in the formation of germ cells may 
take place and normal fertility is possible. 
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INDUCED POLYPLOIDY IN WHEAT 
AND RYE 


Chromosome Doubling in Triticum, Secale and Triticum-Secale Hybrids 
Produced by Temperature Changes* 
E. Dorsey 
Department of Plant Breeding, Cornell University, Ithaca, N. Y. 


URING the past ten years in- 
ID vestigations on hybrids between 
species belonging to the genera 
Triticum, Aegilops and Secale have 
shown that constant breeding types have 
originated which possess chromosome 
numbers double those that are ordinarily 
expected in such hybrids. For example, 
Tschermak and Bleier® in hybrids be- 
tween Aegilops ovata X Triticum dicoc- 
coides and Aegilops ovata Triticum 
durum obtained types with a somatic 
chromosome number of 56, the gametic 
and somatic numbers in the parental spe- 
cies being 14 and 28, respectively. The 
chromosome counts were made in plants 
of the fifth and sixth generations. The 
manner of origin of these hybrids is not 
clearly understood. Ordinarily A. ovata 
X T. dicoccoides hybrids are highly ster- 
ile but those with 56 chromosomes were 
fertile and apparently the F; and Fe¢ 
plants with which the chromosome counts 
were made were the progeny of an in- 
dividual F, plant. Winge® attributes 
the origin of the A. ovata « T. dicoc- 
coides hybrid to somatic doubling in the 
F,. The manner of origin of the A. 
ovata X T. durum hybrid is less cer- 
tain, although Winge® inclines to the view 
that it also may have originated by so- 
matic doubling. 

Constant breeding types with 56 chro- 
mosomes have also originated from the 
cross T. dicoccoides K A. ovata. Kihara 
and Katayama! obtained five F.2 plants 
from this cross, one of which was fertile 
and possessed 56 somatic chromosomes. 
These investigators believe that this hy- 
brid originated by the union of unreduced 
gametes of the F; plant. 


Fertile, balanced hybrids between Tri- 
ticum and Secale have been reported 
by several investigators. Lewitsky and 
Benetzkaia* made cytological studies of 
hybrids which were produced at the 
Saratov Experiment Station in Russia. 
Three plants, each having 56 chromo- 
somes, were obtained in the Fe of the 
cross T. vulgare X S. cereale. The chro- 
mosome numbers remained constant in 
the F;. The manner of origin of these 
hybrids is uncertain. No viable pollen 
grains were observed in the F; plants 
and this would exclude the possibility of 
origin by the union of unreduced game- 
tes. Lewitsky? reports a constant wheat- 
rye hybrid with 28 chromosomes which 
was obtained by Lebedeff, the F, hybrid 
having been back crossed to rye. The 
origin of this hybrid is explained by the 
fertilization of an unreduced egg of the 
F, plant with rye pollen, autosynapsis 
having occurred followed by the loss of 
unpaired chromosomes. 


Temperature-Induced Polyploidy 


A different approach to the produc- 
tion of polyploids has been made possi- 
ble by the method devised by Randolph* 
who induced polyploidy in maize by in- 
creasing the temperature to 38° - 45° C 
at the time of the first division of the 
zygote. The writer became interested in 
applying this process to other cereals and 
the results that have been obtained with 
certain species of Triticum and Secale 
cereale are given in the following ac- 
count. Briefly, the application of this 
method to wheat and rye consisted in 
emasculation, pollination, keeping the 
plants at a constant temperature during 


* Paper No. 214, Department of Plant Breeding, Cornell University, Ithaca, New York. 
The writer wishes to acknowledge his indebtedness to Dr. L. F. Randolph of Cornell Uni- 
versity for suggestions, assistance and use of equipment. 
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DIPLOID AND TETRAPLOID WHEAT 
Figure 7 


A-B, hybrid between Forward X 


Jenkin wheat, 


representing two 21-chromosome 


species (Triticum vulgare X T. compactum). Two F: plants are shown,—a diploid plant with 
42 chromosomes (4), and a tetraploid with 84 chromosomes (B). The tetraploid is about 
four inches taller than the diploid and has somewhat larger leaves. 

Diploid (C) and tetraploid (D) Polish wheat (7. polonicum) are shown at the right. 


This species has 14 chromosomes as the haploid number. 


the tetraploid, 56. 


The diploid has 28 chromosomes, 


the interval between pollination and 
fertilization and then increasing the tem- 
perature to 42° - 43° C. Under the con- 
ditions of this experiment the interval 
between pollination and the first divi- 
sion of the zygote was approximately 20 
hours when the plants were kept at a 
uniform temperature of 25° C. At the 
end of the 20-hour period the tempera- 
ture was increased to about 43° C and 
maintained as nearly uniform as possible 


for 20 - 30 minutes after which the plants 
were returned to the greenhouse. Tem- 
peratures of a few degrees above 43° C 
were injurious to the leaves and the 
meristematic region at the base of the 
uppermost internode. Injury was les- 
sened by maintaining a high humidity in 
the temperature room by allowing steam 
to escape into the room. 

The treatments were made in a room 
about 7 feet long & 4 feet wide K 7 
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DIPLOID AND TETRAPLOID PLANTS OF COMMON WHEAT 
Figure 8 
A shows a plant of the Forward variety of common wheat (7. vulgare); B and C show 
tetraploid plants of this variety. Six tetraploid plants of this variety were obtained. These 
have 84 chromosomes in contrast with 42 in the diploid form. The plant shown at B has 
been given “long-day” treatments in an attempt to induce flowering. C is a comparable 
vegetative division of a plant similar to B, which has not had long-day treatment. The culms 
grew to a length of only about six inches unless long-day treatments were given. No seed 
was obtained even in those plants that were brought into flower by exposure to artificial light. 


AN INDUCED TETRAPLOID IN RYE 
Figure 9 
A, a tetraploid plant of Rosen rye (Secale cereale); B, a normal diploid plant 
fe of this variety. Three tetraploid plants of Rosen rye were obtained by high- 
i temperature treatments. Seed was obtained from the 28 chromosome rye plants 
without difficulty, and this was planted in field and greenhouse in the fall of 1935. 
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feet high, which was located conveniently 
near the greenhouse in which the plants 
were grown in 5-inch pots. The sides 
and ceiling of the room were insulated 
with celotex and a steam coil made of 
about 32 feet of 14-inch pipe was placed 
along the sides and one end. Electric 
resistance coils and thermostatic controls 
were provided for maintaining a uniform 
temperature of 25° C during the interval 
between pollination and _ fertilization. 
Temperature readings were made at in- 
tervals of 3-5 minutes during the treat- 
ments by means of thermocouples placed 
near the spikes and between the lemma 
and palea of one flower on a spike. Two 
8-inch electric fans were run continuous- 
ly at moderate speed for agitating the 
air in the room. Provision was made 
for the intake and expulsion of air by 
placing 8-inch electric fans in two aper- 
tures, the size of which could be varied, 
as desired, particularly in regulating the 
higher temperature level. 

The induced polyploids were detected 
by a microscopical examination of trans- 
verse sections of root tips which were 
prepared by the paraffin method and 
stained with haematoxylin. These de- 
terminations were always verified by col- 
lecting and observing additional root 
tips. The method developed by Dr. L. 
F. Randolph for handling and examin- 
ing root tips from a relatively large num- 
ber of plants was particularly helpful. 


Tetraploids Produced 


A brief description of the induced tet- 
raploids follows. Those that were pro- 
duced in 1932, with the exception of the 
wheat-rye amphidiploid, failed to sur- 
vive an epidemic of pests and disease in 
the greenhouse. 

1. T. durum. Variety Marouani. 
1932. One plant with two spikes. 56 
chromosomes. Height approximately the 
same as the normal diploid. No seed ob- 
tained. 

2. T. durum. Kubanka. 1932. One 
plant with two spikes. 56 chromosomes. 
Height approximately the same as the 
normal diploid. No seed obtained. 

3. T. vulgare X T. compactum. For- 
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ward X Jenkin. 1932. One plant with 
four spikes. 84 chromosomes. Height 
approximately four inches greater than 
the diploid hybrid. Figure 7 A-B. 

4. T. polonicum. Polish. 1932. One 
plant with one spike. 56 chromosomes. 
Height approximately the same as dip- 
loid. No seed obtained. Figure 7 C-D. 

5. T. vulgare X S. cereale. Honor 
xX Rosen. 1932. One plant with one 
spike. 56 chromosomes. Height ap- 
proximately the same as diploid Rosen. 
8 seed obtained. The chromosome num- 
ber of eight F2 plants remained constant. 
Seed of the F, were planted in the field 
and greenhouse in the autumn of 1935. 
Figure 6. 

6. T. vulgare. Honor. 1934. One 
plant. 84 chromosomes. Tillers much 
more numerous than in normal diploids. 
The culms grew to a height of approxi- 
mately six inches and failed to elongate. 
No spikes produced. 

7. T. vulgare. Forward. 1934. Six 
plants. 84 chromosomes. Tillering much 
more profuse than in diploids. Culms 
grew to a height of about six inches and 
failed to elongate. Two of these plants 
were given “long day” treatments and 
produced several culms with spikes. 
Height about one-half that of diploid 
plants. No seed obtained. Clonal lines 
of three of these plants were placed in 
the field September 18, 1935. Figure 8. 

8. S. cereale. Rosen. 1934. Three 
plants. 28 chromosomes. Height ap- 
proximately the same as diploid plants. 
Set of seed good when cross pollinated. 
Seed were planted in the field and green- 
house in the autumn of 1935. Figure 9. 

The frequency of induced chromosome 
doubling in the cereals which were used 
in these experiments is relatively high. 
A total of 426 viable kernels were ob- 
tained from plants which were given heat 
treatment. There were fifteen instances 
of chromosome doubling among the 
plants which were obtained from these 
seed. The ratio of doubling to non- 
doubling is approximately one to thirty. 

Since the temperatures which were 
employed in producing the tetraploid 
cereals are probably not so high as those 
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to which wheat plants are frequently sub- 
jected in the field, the question may be 
raised whether tetraploid forms are pro- 
duced under natural high-temperature 
conditions. Cytological investigations 
with the small cereals have not demon- 
strated that tetraploid forms have been 
produced under natural environmental 
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conditions. Temperature changes under 
field conditions are probably more grad- 
ual than in these experiments, in which 
the plants were subjected to a change of 
approximately 18° C in less than five 
minutes. It is doubtful if the tempera- 
tures of wheat fields ever change so 
much in so short a time. 
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CHILD-SUBSIDIES IN GERMANY 


HE marriage loan is of the value of 
600 marks (£48). It is given to 
those certified suitable by the marriage- 
advice bureaus, and no interest is de- 
manded for the first year. The birth of 
a child automatically pays back 100 
marks and gives another year of interest- 
free enjoyment of the remainder. It 
should be a considerable inducement to 
marriage and have a certain slight effect 
in promoting the birth of children. Much 
more effective in this way should be the 
German income-tax system. This is ex- 
ceedingly complicated, but it may be 
roughly stated that there is a tax on 
single persons of about 15 per cent. 
Marriage reduces the amount of tax 
slightly, the birth of the first and subse- 
quent children very considerably. For 
poor and middle-class people the pos- 
session of four children renders them al- 
most tax-free. All reductions of income 
tax for children are, unlike in the English 
system, percentage reductions, so that 
better-off people get a correspondingly 
larger actual reduction in tax. From an 
eugenic point of view this is a much bet- 
ter system. 
An interesting experiment has been 
introduced in the city of Berlin, the 
“Ehrenpatenschaft.” Families with two 


SLATER, E., Eugenics Rev. Jan. 1936, 


or three children may, if they decide to 
have a third or fourth, go to a city office 
and declare their intention. If within 
the term of two. years the child is born, 
the city will stand godparent. This im- 
plies a present of 30 marks (48s.) a 
month until the end of the first year and 
20 marks (32s.) a month subsequently 
until the end of the fourteenth year. If 
the child himself or an elder brother or 
sister dies, the fund ceases, but may be 
continued again with the birth of an ad- 
ditional child. Only legitimate children 
may receive the gift. If twins or trip- 
lets are born, all are covered. The gift 
is independent of the financial position 
of the family. It is not a form of social 
support, but a gift of honour. For no 
official purpose, e. g., for calculation of 
income tax, is it to be reckoned as part 
of the income of the family. The family 
and the child bear the honourable titles 
of “Patenfamilie” and “Patenkind der 
Stadt Berlin.” They receive precedence 
in applications for flats and dwellings, 
for jobs and posts of whatever kind 
where the influence of the city authori- 
ties can make itself felt. * * * The fam- 
ily has to be “of high biological value,” 
and the conditions for this seem to be a 
slightly stricter form of the conditions 
for the marriage loan. 
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THE FRILLBACK PIGEON 


H. WExELSEN 
Hjellum, Norway 


A FRILLBACK PIGEON 


Figure 10 


Male pigeon showing frilled feathers on the basal half of the wing. 


The frillback characteristic is inherited, but not according to a simple Mendelian scheme. 


These frills are due 
to a ruffling of the feathers apparently caused by an uneven growth of the tip of the feather. 


At 


least two main cumulative factors, and possibly other modifying factors, are involved in the 


production of the extreme degree of frilling. 


SERIES of experiments on quan- 
titative inheritance in pigeons 
that was started by the late W. 
Christie and the late Christian Wriedt 
has been continued by the present 
author. In some of these experiments, 
individuals of the frillback breed were 
crossed to smooth-feathered maltese 
and pigmy pouters. As a minor result 
of these experiments some data on the 
development and inheritance of the 
frillback character that seem worth- 
while recording have been obtained. 
The frillback pigeon is characterized 
by having the feathers on the shield 
curled and twisted. A purebred frill- 
back male is shown in Figure 10. The 
curling is apparently produced by un- 
equal growth on the two sides of the 
feather, which causes a twisting to the 
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left or right and an upward curl of the 
tip. Two feathers from a_ frillback 
pigeon are seen in Figure 11 C. 

The author has not participated in 
the original descriptions of the F, hy- 
brids, but has seen a large number of 
them used in backcrosses. These varied 
somewhat in the degree of twisting of 
the feathers, but on the whole they 
were intermediate (Figure 12, and the 
two middle feathers in Figure 11). Ac- 
cording to the descriptions in the rec- 
ords of the F, offspring, at 4-6 weeks 
of age there was much greater varia- 
tion in the degree of curling. The birds 
varied from typical F, intermediate to 
smooth. This seems to indicate that 
the parents were heterozygous for 
some factor influencing the frilling. 
However, it is probable that the major 
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THREE DEGREES OF FRILLING 
Figure 11 
Pairs of feathers from a frillback pigeon (C), from an F: male (B), and from an (F: X 
smooth) backcross (.4). Note that in the backcross feathers (4) the curling is represented sim- 
ply by folding of the tip. In backcrossing to smooth three types are obtained: F: type (B), 
ruffled (4), and smooth. The ruffled type is not observable in the first feathers, and birds 
which show this character cannot be identified until after the first moult. 


part of this variation is non-genetic. 
The rate of development of the frilling 
is different in the various individuals, 
and some of the descriptions were 
made so early that full development 
had not yet been attained. Some in- 
dividuals originally described as hav- 
ing very little of the frill character 
have later developed into typical inter- 
mediates. 


F: AND BACKCROSS MALES 
Figure 12 

As a whole, the F, of the cross between 
frillback and normal is intermediate in de- 
gree of feather curl, like the bird shown 
above (4). Some of the F:’s were sufficiently 
curly to be classed as frillbacks and some 
were practically smooth. It is probable that 
the parents were heterozygous for a factor 
influencing the degree of frilling. 

The ruffled type (B) is the intermediate 
form found in the backcross of the F; hybrids 
to smooth. The ruffled type is the most fre- 
quently observed in the backcross, the ob- 
served distribution of F, type, ruffled and 
smooth, being 5:17:13. This may represent a 
1:2:1 ratio, expected if two factors are in- 
volved in the production of the extreme form 
of frilling. 
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Wexelsen: The Frillback Pigeon 


F, individuals were mated to frill- 
back and to smooth-feathered pigeons ; 
the results are given in Table I. In the 
backcross to frillback the birds were 
classified in three groups: completely 
frilled, like the pure breed ; incompletely 
frilled, with less curl in the feathers than 
found in the pure breed ; and intermedi- 
ate, like the F,’s. There were no sharp 
lines of distinction between these classes, 
this being especially true of the last two 
mentioned. Of 46 offspring, 11, that is 
one-fourth, were classified as fully 
frilled, indicating a two factor basis 
for this character. The degree of curl- 
ing was usually increased after the first 
molt, and some of the individuals in 
the intermediate class might have de- 


TABLE I. Feathering of Backcrosses of a (Prill- 
back x Smooth) to two Parental Race 
Number hes offspring 
2 
s 3a 
ex §2 € 8 
F: x frillback 
10 pairs ___ 11 7 18 46 
F; x smooth, 
uffed x 
smooth _ 5 9 14 
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veloped a stronger degree of curling 
later. 

The offspring in the backcross to 
smooth were also divided into three 
groups; these were clearly separated 
from each other: intermediate (like 
F,), ruffled, and smooth, the numbers 
being 5:17:13. On a two-factor basis 
we should expect a ratio of 8.75:17.5: 
8.75, if ruffled is interpreted as carry- 
ing any of the two factors in heterozy- 
gous condition. The ruffled type in 
the nest feathering was completely 
smooth, and was classified as such, but 
after the first molt a slight folding at 
the tip of the shield feathers developed, 
giving the shield a ruffled appearance. 
A ruffled male from a backcross is seen 
in Figure 128, and the two feathers to 
the left in Figure 11 show the folding 
of the feathers. Ruffled individuals 
mated to smooth gave five ruffled to 
nine smooth. 


Summary 


The frilled type of feather in the 
frillback pigeon is an inherited charac- 
ter, probably dependent on two factors, 
although there may be minor modifiers 
influencing the degree of curling of the 
feathers. The degree of curling is in- 
creased with the first molting. 


PSYCHING THE CHILD 


of Sigmund Freud, who has 
originated and elaborated a 
method of investigation and treatment 
of certain mental afflictions. Being a 
co-worker and an associate of her father 
over a period of many years, she has 
become an authority in psychoanalysis, 
and in this book,* particularly, her 
lectures being directed to teachers and 
parents, she speaks with authority. 
Not until recent years has it been 


A NNA FREUD is the daughter 


learned that psychic disorders are actu- 
ally curable; many of them are cured 
today which formerly were regarded as 
incurable. It is well known now, too, 
that there is a definite order of de- 
velopment of psychic disorder, from 
the normal to the abnormal. It has 
been learned from the study of many 
cases that just as there are prodromata 
tending toward specific physical dis- 
eases, so there are definite prodromata 
tending toward psychic disorders and 


*Freup, ANNA, Psychoanalysis for Teachers and Parents. 
Emerson Books, Inc., 1935. 


lated by Barbara Low. Price, $1.75. 


Introductory lectures trans- 
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these prodromata should be recognized 
by teachers and parents, as well as by 
physicians. In the psychic realm as 
well as in the physical, the earlier the 
efforts toward restoration to the normal 
are made, the more likely will they be 
to be successful. 

It is unnecessary to establish the 
value of psychoanalysis in psychic dis- 
orders, especially as applied to adults, 
but its use in the treatment of malad- 
justed children is now in the process 
of demonstration. The lectures con- 
tained in this volume, however, are 
more concerned with the problems of 
educating the normal child than with 
the technical means of helping the mal- 
adjusted child. In fact, the author 
states that the psychoanalytic method 
of treatment of maladjusted children, 
namely child analysis, are not described 
in this volume because such a descrip- 
tion would go far beyond the limits 
of these introductory lectures. 

Some of Miss Freud’s ideas about 
education may seem novel to those per- 
sons not familiar with psychoanalytic 
theory. The education of a child be- 
gins with his first day of life, and un- 
like child care, which ministers to the 
child’s needs without requiring anything 
in return, education always wants 
something from the child. The uni- 
versal aim of education, she states, is 
always to make out of the child a 
grown-up person who shall not be very 
different from the grown-up world 
about him. Everything in which the 
child differs from the adult is consid- 
ered child-like behavior and _ conse- 
quently “education struggles with the 
nature of the child, or—as the grown- 
up usually calls it—with his naughti- 
ness.” With the child the attainment 
of pleasure is the main object of life 
and he lives only for the moment; the 
grown-up person wants to teach him to 
regard the claims of the external world 
as more important than his own in- 
stinctive urges and to take heed for 
the future as well as the present. Until 
the child reaches his fourth or fifth 
year his whole aim is to gratify his 
own pleasures and meanwhile his edu- 
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cation proceeds as if the prevention 
of these objects was its most important 
task. As Miss Freud points out, there 
arises a kind of “guerrilla war” be- 
tween educator (in this case the parent) 
and the child. Misunderstandings are 
rife, particularly during the child’s 
sarliest years, when on the one hand the 
child’s “naughtiness” is decried by hor- 
rified adults who do not realize that 
his so-called “bad” habits are actually 
necessary and important steps in his de- 
velopment; and on the other hand the 
child’s behavior is condoned and ex- 
cused by equally unenlightened individ- 
uals on the grounds that he is “too 
little,” doesn’t understand it 
means, for example, when he is cruel 
to small animals, destroys valuable ob- 
jects, etc. 

Miss Freud describes the  child’s 
emotional life as being as tempestuous, 
as deep and as full of conflicts as the 
adult’s. But the fact that the child’s 
motives are so frankly unsocial, so 
selfish and so incompatible with the 
adult’s painfully acquired civilized out- 
look, makes it difficult if not impos- 
sible for grown people to face the full 
implications of the child’s behavior. 
They prefer to ignore the strength of 
his emotional life and to think of him 
as “innocent” and “untouched.” 

The author calls attention in a dispas- 
sionate way to the differences between 
child nature and adult nature and de- 
scribes the course the child follows in 
developing a personality acceptable to 
society. His education begins as a 
struggle between two forces, but as 
time goes on the child is gradually won 
over to the side of the grown-up and 
becomes his ally. “He now for the 
first time begins to be like the picture 
of the ‘good’ child which, until now 
has only existed in the wish-fantasy of 
the grown-ups.” He loses his tre- 
mendous interest in the gratification of 
his instincts and shows instead a thirst 
for knowledge. This lull occurs at 
about the fifth or sixth year and is im- 
mediately seized upon by the formal 
educational system as the first oppor- 
tunity to begin to instill general knowl- 


| 
} 


Psyching the Child 


edge. But the little child who enters 
the schoolroom for the first time al- 
ready has behind him a past crowded 
with experience; he has already mas- 
tered to a more or less successful de- 
gree the major lesson of his life— 
that of social adaptation. He has ac- 
quired an “inner voice” which hence- 
forth controls his conduct. 

These are only a few of the many 
ideas compactly presented in simple and 
interesting style in this small volume. 
The average layman can here acquire 
a great deal of knowledge about child 
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training without encountering any tech- 
nical terms or moralizing remarks. 

The author maintains that psychoa- 
nalysis can be applied to modern educa- 
tion in three ways: first, as a critique 
of existing educational methods; sec- 
ond, as a means of extending the teach- 
er’s knowledge of human beings through 
giving him a scientific theory of the 
instincts; and third, as a method of 
practical treatment for those children 
for whom the processes of education 
have gone awry. 

C. F. MENNINGER 

Menninger Clinic, Topeka, Kansas. 


ORIGIN OF THE DOUBLE NASTURTIUM 


To the Editor of the Journal of Heredity: 

I have read with a great deal of interest the 
article entitled “Inheritance of Doubleness in 
the Flowers of the Nasturtium” appearing in 
the February, 1936, issue of the JouRNAL OF 
Herepity. The genetic analysis of single, 
double and super-double nasturtium flowers 
there presented constitutes a valuable addition 
to the present knowledge of heredity in this im- 
portant group of cultivated flowers. 

I have followed with a great deal of interest 
the development and introduction of the new 
fragrant, double flowered nasturtium varieties 
and I am greatly disappointed that credit was 
not given to the plant breeder who first ob- 
served this new type and who, after doing con- 
siderable breeding work, introduced several 
valuable forms to the public interested in culti- 
vated flowers, Golden Gleam being an outstand- 
ing example. It is my definite understanding 
that Mr. John Bodger, of El Monte, Califor- 
nia, made this outstanding contribution. If I 
am correct on this point, then the paragraph 
headed “Origin of Double Flowers in the Nas- 
turtium” is rather incomplete and in all fair- 
ness, due credit should be given to Mr. Bodger. 

Yours sincerely, 
G. H. RremMan, 
Director of Research, Associated 
Seed Growers, Inc. 
New Haven, Conn. 


The Editor regrets that anything pub- 
lished in the JourNaL should even ap- 
pear to be unfair to a plantsman who has 
added to the beauty of so many gardens 
and to the pleasure of so many garden- 
ers as did Mr. Bodger with the introduc- 
tion of the Golden Gleam nasturtium. 
The authors of the article are heartily in 
accord with this sentiment. The editor 


wishes to point out that the article in 
question was in no sense a history of the 
new double nasturtiums. Thus reference 
was made only incidentally, and at the 
request of the editor, to the unique com- 
bination of genetics and _ high-speed 
transportation used by the authors in the 
production of new varieties. Readers of 
the JouRNAL who are interested in a de- 
tailed account of the origin of the Golden 
Gleam variety are referred to the maga- 
zine Fortune for April, 1935. It appears 
that the characters, doubleness and frag- 
rance, came all of a piece from Mexico. 
The name of the person or persons who 
brought this interesting “plant immi- 
grant” into California seems not to be 
known. Without that essential service 
the whole chapter of the origination and 
introduction of double nasturtium varie- 
ties would not have been written, or 
would have been written differently. Mr. 
Bodger deserves much credit for appre- 
ciating the value of this interesting new 
form, and for putting it ‘on the map,” 
horticulturally. 

In connection with the development of 
double varieties of nasturtiums an inter- 
esting note has been received from Mr. 
George S. Hilliard, New Bethlehem, Pa. 
Mr. Hilliard notes the existence of a 
double nasturtium nearly half a century 
ago: “I went to work for Charles A. 
Reeser, florist, in 1891 in Springfield, 


(Continued on page 168) 
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THE FERTILITY OF DIVORCEES 


Paut PoPrENOE 
Institute of Family Relations, Los Angeles 


NE of the most striking facts 
() about divorcees in the United 

States is their low fertility. In a 
series of nearly 500 divorces in Los An- 
geles county, I found the mean number 
of children per marriage to be 1.03 + .05 
although the mean duration of marriage 
prior to divorce was nine years,—plenty 
of time for the birth of several children. 
of these divorcees, 45% were childless 
and 77% had either no children or only 
one child, after nine years of marriage, 
—a condition quite different from that 
of the population at large. 

While the mean duration of marriage 
prior to divorce, in this group, was 9.27 
years, the mode was one year. In such 
a group, the median is a better measure- 
ment of the central tendency than is the 
mean. In this case, the median duration 
of marriage was 6.38 years. In other 
words, half of the entire group had been 
married for six years or more, before 
seeking the divorce court. 

It seemed possible that the low aver- 
age fertility of this group of divorcees 
might be due to the large number repre- 
senting only a year or two of marriage, 
—in some cases only a few months. 
Such marriages would hardly have time 
to produce a child. I therefore made a 
second tabulation, eliminating all mar- 
riages that had not lasted for at least 
four vears before divorce. Certainly this 
afforded time for the production of at 
least one child ; and it might be expected 
that these 272 marriages, with a mean 
duration of 12 years, would show fairly 
large families. The tabulation is as fol- 


lows: 

Number of Number of 
Children Marriages 

0 88 

1 95 

2 52 

3 15 

4 14 

5 5 

6 3 


The mean number of children is 1.26 
+ .05. In this selected group, 32% have 
no children, 67% have no children or 
only 1 child. This is not very different 
from the finding of Alfred Cahen!, con- 
cerning all divorcees in the United 
States, that 40% were childless, 70% 
had either 0 or 1 child. 

Evidently the low fertility of divorcees 
is not due mainly to the fact that many 
of them were married for only a short 
time. It exists even when these short- 
time marriages are eliminated. Clearly 
it is due either to physiological or psy- 
chological factors, or both, that charac- 
terize this group as different from aver- 
age married couples who do not end their 
connubial careers in the divorce court. 

From an evolutionary point of view, 
this low fertility can be considered an 
evidence of inferiority, of unfitness in 
the sense of natural selection. 

Other evidences of biological inferi- 
ority of divorcees are to be found in any 
treatise on vital statistics: for instance, 
their short expectation of life and their 
relatively high rates of mental disease, 
of conviction for crime, of suicide. 

All these facts taken together justify 
the conclusion that divorcees are, on the 
whole, not like other people. They are 
not a random sample of the married 
population. They represent a selected 
group characterized in a considerable 
proportion of cases by biological inferi- 
ority, and their low fertility is therefore 
eugenically advantageous to the race.?* 

It is the fertile, not the sterile, mar- 
riages that perpetuate the species. It is 
the family-minded persons, not the di- 
vorced couples, that contribute to pro- 
gressive evolution. How far this is true 
may be seen from the calculations of Dr. 
Cahen, that “only 8% of American 
couples possessing children end in the 
divorce court, while 71% of the child- 
less marriages terminate in divorce. 
Furthermore, every additional child cuts 
in half the chances of divorce.” 
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Popenoe: Fertility of Divorcees 


The picture of the fertility of divorcees 
is not complete without some considera- 
tion of second marriages. No study yet 
made has succeeded in avoiding both the 
statistical pitfalls and the errors involved 
in incomplete and inaccurate data. Cal- 
culations such as those of I. M. Rubi- 
now’®, who figured that 80% or 90% 
of all divorcees remarry, are based on 
census data which the census authorities 
themselves declare to be unreliable ; and 
the results are grotesquely high. Alfred 
Cahen reached the conclusion that only 
about 30% of divorcees remarry ; but his 
estimate was made by taking the propor- 
tion of divorcees among male convicts 
as a standard ; and for reasons mentioned 
above (namely, the average inferior 
quality of divorcees) the prison popula- 
tion is not representative of the whole 
population. It contains an excess of di- 
vorcees. The actual figure is undoubt- 
edly much nearer that of Dr. Cahen than 
that of Dr. Rubinow. Several other 
studies made on fragmentary data by va- 
rious methods have agreed substantially 
with Dr. Cahen. Studies of my own, 
though by no means adequate or conclu- 
sive, suggest that the number of remar- 
riages can not be more than 50%, and I 
suspect that for the country at large it is 
considerably lower. For the present one 
may conclude that somewhere between 
one-third and one-half of the divorcees 
remarry; that those who remarry are 
more likely to be men than women ; and 
that the male divorcee is more likely to 
marry a younger woman not previously 
married, than to marry a_ divorced 
woman. 

It was pointed out previously that di- 
vorcees are on the whole inferior to the 
successfully married part of the popula- 
tion. But the divorcees who remarry 
must be, on the whole, eugenically su- 
perior to those who do not remarry. The 
latter would include those who die soon 
and those who are most markedly psy- 
chopathic or criminal. Hence there is a 
selective influence at work, through di- 
vorce, to eliminate from family life some 
of the most inferior (and incidentally, 
of course, many superior individuals as 


167 


well) ; and then to get some of the su- 
perior individuals back into family life 
through second marriages. If the read- 
er will fix his attention on the broad gen- 
eral trends, disregarding the innumer- 
able individual exceptions that will 
doubtless occur to his mind, I believe he 
will not question the fact. 

Remarriage to a younger and previ- 
ously unmarried woman would be ex- 
pected to result in the production of more 
children from the man’s second mar- 
riage, than would a second marriage 
with a widowed or divorced woman 
My students gathered information con- 
cerning nearly a thousand remarriages 
of divorced men, as follows : 


Married Married 
Single Widow 
Woman  orDivorcee Total 
Had child by 
second wife 261 131 392 
Had no children. 364 232 596 
Total 625 363 988 


In any case, a majority of these male 
divorcees had no children in their second 
marriages. Of those who married single 
women, 41.7% had children; of those 
who married widowed or divorced wom- 
en, 36.1% had children. This differ- 
ence of 5.6% is smaller than might be 
expected, though bordering on statistical 
significance. 

This study took no account of the 
number of children, but merely of the 
fact that there were any. A second study 
on a smaller scale was made to compare 
the fertility of first and second marriages. 
In marriages of 126 men before divorce, 
there were 168 children; after divorce 
and second marriage, 72 more children 
were fathered by these men. This makes 
a mean fertility of 1.33 children per mar- 
riage in the first marriage, .57 children 
in the second marriage. 

Similarly in the first marriages of 123 
women, 203 children were born, and in 
the second marriages an additional 87. 
This means that these women averaged 
1.65 children each by the first husband, 
.71 by the second. 

The total family then would be 1.90 
children for a man with two wives, 2.36 
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children for a woman with two husbands. 
This figure is low even by California 
standards (and the native whites of Cali- 
fornia, one recalls, have the lowest birth- 
rate of any in the union). But there 
was probably an unconscious selection 
for fertility, since my students, though 
instructed to list all the cases they could 
find without regard to fertility, might 
more or less unconsciously select couples 
who had children. 
The average 


completed fraternity 


among native whites in California has 
been estimated* to consist of 2.39 chil- 
dren. 


It appears, that even in two mar- 


1. Canen, AtFrep. Statistical Analysis of 
American Divorce. N. Y., 1932 (Columbia 
University studies in history, economics, and 
public law, No. 360). 


Divorce and remar- 


riage from a eugenic point of view. Social 
Forces 12 (1); 48-50. Oct., 1933. 
3. ———————-. Divorce as a biologist 


views it. Marriage Hygiene, Feb., 1935, pp. 
247-252. 


(Continued from page 165) 
Ohio. They had a double flowering va- 
riety of orange scarlet nasturtium that 
they were growing and propagating at 
their place of business. The Home Flor- 
ist of 1890, published by Charles A. 
Reeser, lists it.” It would be interesting 
to learn more of the history of this early 
double variety. Why has it disappeared 
as completely as it seems to have done? 
Even the interest of Mr. Reeser, who 
propagated and publicised the form, 
seems not to have saved it from extine- 
tion. 

Mr. David Burpee reports that he has 
recently found a reference to a double 
nasturtium much earlier than this. In 
the Catalogus Plantarum published by 
the Society of Gardeners, in London, in 
1730, appears a color illustration of a 
Golden Double Nasturtium. Mr. Burpee 
believes this to be entirely different from 
the semi-double Golden Gleam and from 
Burpee’s super-double form. Mr. Gor- 
don Dunthorne, from whom Mr. Burpee 
purchased a copy of the Catalogus Plan- 
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tarum, points out that “this plate is one 
of the earliest examples of colour print- 
ing, being a mezzotint engraving, and in 
the same volume will be found other ex- 
amples of colour printing.” The volume 
is also noteworthy as being “the first 
attempt at establishing the correct nam- 
ing of plants and shrubs, and so obviate 
the confusion which arose by reason of 
a plant having two or more names.” 

Mr. Burpee also informs me “that 
there is also known a small double scar- 
let nasturtium, which is entirely sterile, 
but which has been propagated for years 
in this country and in England.” This 
is only about half the size of the new 
super-double form, and differs from it 
in not producing fertile pollen as well as 
in other ways. It would be interesting 
to try to determine whether this is the 
same as the “orange scarlet” Reeser 
form of 1890. 

The article on double nasturtiums also 
elicited some interesting questions re- 
garding Plant Patents. These we hope 
to discuss in the May issue.—Epiror 


otanica, the year-book of plant science, has been designed to bring together the research 
programmes of all laboratories, experimental stations, herbaria, botanic gardens, etc., to give a 
résumé every April of the professional and personal news of the past year and to promote co- 
operation between workers in the various branches of plant science in every possible way. 


Chronica Botanica deals not only with general botany, taxonomy, ecology, etc., but also with agri- 
culture, agronomy, forestry, horticulture, phytopathology, genetics, plant breeding, microbiology, 
soil science, agricultural bacteriology and chemistry, plant-biochemistry and pharmacognosy. 


Chronica Botanica contains a complete, annotated and up-to-date list of all laboratories, expt. 
stations, herbaria, botanical gardens and societies connected with every branch of plant science. 
Special sections are devoted to Internat. Bot. Congress and to other internat. congresses, commit- 
tees and societies. It also includes an almanac of events, past, present and future, a section for 
correspondence, notes on new periodicals, list of new and changed addresses and indices of names 
of plants, persons and societies. 


Chronica Botanica sends questionnaires every December to the Directors of all botanical laboratories, 
expt. stations, herbaria and gardens and to the Secretaries of all botanical societies. Anawers must 
reach the Editor before the end of January; it is impossible to vse information received after that 
ate. 


CHRONICA BOTANICA is published every April as a single volume of about 400 pages, 
with numerous illustrations, bound in cloth. Annual subscription hfl. 15.-, postage extra. 
For prospectus, sample pages and further information, apply to 
the editorial and Publishing Office, P. O. Box 8, Leiden, Holland. 


This year-book is the first and only one of its kind : it contains a vast amount of hitherto 
unavailable information. It answers hundreds of questions which you have previously had to 
leave unanswered, though they were of the greatest importance for your work. An annual 
subscription will well repay you—you cannot afford to be without the latest issue of the ‘“‘Chronica.” 
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Members engaged in teaching genetics or related subjects are cordially 
invited to use the JOURNAL as a supplementary text in their classes. The rapid 
progress of the science, after being so long neglected, is one of the most im- 
portant and attractive features to place before students. Even the latest text- 
books are soon outdated, but they become more interesting as the historical 
background of the discoveries described in the JouRNAL OF HEREDITY. 

Student subscriptions covering the academic year of eight months, in 
groups of ten or more, may be ordered by members at one dollar ($1.00) 
each, four months for 50 cents. These special rates to students will be ac- 
cepted only when applied for by members of the Association, in whose 
classes the Journals are to be used. The student subscriptions will be sent 
in bulk to the member in whose name they are ordered. 

Special Trial Offer to Members of A. G. A. 

Members engaged in teaching will be supplied free up to twelve copies 
of two issues for classroom use. Try the JouRNAL for two months at no 
expense and under no obligation to continue. Issues for this purpose will 
be sent in bulk to members applying for them. Send orders to 
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MAIZE AND MAN, by James H. Kempron—The history of maize in the past and 
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GRAFT-HYBRIDS IN PLANTS, by Cxartes F. Swincte—An exhaustive summary 
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